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PROCESS TO INHIBIT BINDING OF THE 
INTEGRIN of TO VCAM-1 OR 

FIBRONECTIN AND CYCLIC PEPTIDES 
THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of co-pending U.S. 
application Ser. No. 08/646,558, filed May 8, 1996, which is 
a continuation of U.S. patent application Ser. No. 08/268, 
192, filed Jun. 29, 1994, now abandoned. 

FIELD OF THE INVENTION 

This invention relates generally to a process of inhibiting 
the binding of O?3 integrin to proteins Such as VCAM-1 or 
fibronectin. The invention also relates to Synthetic cyclic 
peptides that inhibit that binding. 

BACKGROUND OF THE INVENTION 

Vascular cell adhesion molecule-1 (VCAM-1) is a protein 
that is found on the Surface of endothelial cells that line the 
interior wall of capillaries. VCAM-1 recognizes and binds to 
the integrin C. B. (or VLA-4 for very late antigen-4), a 
heterodimeric protein present on the Surface of certain white 
blood cells. Binding of CB to VCAM-1 allows white blood 
cells to adhere to the capillary wall in areas where the tissue 
Surrounding the capillary has been infected or damaged. 
When a tissue has been invaded by a microorganism or 

has been damaged, white blood cells, also called leukocytes, 
play a major role in the inflammatory response. One of the 
most important aspects of the inflammatory response 
involves the cell adhesion event. Generally, white blood 
cells are found circulating through the bloodstream. 
However, when a tissue is infected or becomes damaged, the 
white blood cells recognize the invaded or damaged tissue, 
bind to the wall of the capillary near the affected tissue and 
diffuse through the capillary into the affected tissue. 
VCAM-1 helps certain types of white blood cells recognize 
the affected Sites, bind to the capillary wall, and migrate into 
the affected tissue. 

There are three main types of white blood cells: 
granulocytes, monocytes and lymphocytes. VCAM-1 binds 
to CB expressed on the Surface of monocytes, lymphocytes 
and two Subclasses of granulocytes-eosinophils and baso 
phils. 

Monocytes, after leaving the bloodstream through the 
wall of a capillary, mature into macrophages that phagocy 
tose and digest invading microorganisms, foreign bodies and 
Senescent cells. Lymphocytes produce antibodies and kill 
infected cells. Eosinophils and basophils Secrete mediators 
of various inflammatory reactions. 

Following infection or damage of tissue Surrounding a 
capillary, the endothelial cells that line the capillary express 
a Series of adhesion molecules, including VCAM-1, that are 
critical for binding white blood cells that are necessary for 
fighting infection. Prior to binding to VCAM-1, the white 
blood cells initially bind to another set of adhesion mol 
ecules to slow their flow and allow the cells to “roll” along 
the activated endothelium. Monocytes, lymphocytes, baso 
phils and eosinophils are then able to firmly bind to 
VCAM-1 on the endothelial cells via the C.B. integrin. 
There is evidence that this interaction is also involved in 
transmigration of these white blood cells into the damaged 
tissue. 

Although white blood cell migration to the site of injury 
helps fight infection and destroy foreign material, in many 
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instances this migration can become uncontrolled, with 
white blood cells flooding to the Scene, causing widespread 
tissue damage. Compounds capable of blocking this process, 
therefore, would be beneficial as therapeutic agents. Thus, it 
would be useful to develop inhibitors that would prevent the 
binding of white blood cells to VCAM-1. 

For example, Some of the diseases that might be treated by 
the inhibition of CB binding include, but are not limited to, 
atherOSclerosis, rheumatoid arthritis, asthma, allergy, mul 
tiple Sclerosis and type I diabetes. In addition to being found 
on Some white blood cells, CB is found on various cancer 
cells, including leukemia, melanoma, lymphoma and Sar 
coma cells. It has been Suggested that cell adhesion involv 
ing CB may be involved in the metastasis of certain 
cancers. Inhibitors of CB binding may, therefore, also be 
useful in the treatment of Some forms of cancer. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect, the present invention provides an isolated 
and purified cyclic peptide of from 4 to about 13 amino acid 
residues having (a) an N-terminal amine group, acetyl group 
(Ac) or a polyethyleneglycol moiety of from about 400 to 
about 12,000 Daltons average molecular weight 
(MPEGood) linked through an amide bond to the 
N-terminal residue; and (b) a C-terminal carboxylic acid 
group or amide group; the peptide comprising the contigu 
ous amino acid residue sequence Xaa-Xaa-Asp-Xaa 
(SEQ ID NO:15), where Xaa, is any L- or D-O-amino acid 
residue and Xaa, and Xaa, are any hydrophobic, L-O-amino 
acid residue with the proviso that when Xaa is LyS or Arg, 
Xaa cannot be Gly or CyS. In a preferred embodiment, Xaa, 
is Phe, Trp or Ile; Xaa is Leu, Ile, Val, Lys or Met and Xaa, 
is Val, Tyr, Leu, Trp, or Phe. More preferably Xaa is Trp and 
Xaa- is Leu and Xaa is Val. 

In one embodiment, a cyclic peptide of the present 
invention is cyclized via formation of a lactam. Such a 
peptide comprises the amino acid residue sequence Xaa 
Xaa-Xaa-Asp-Xaa (SEQ ID NO:1), where Xaa is any L 
or D-O-amino acid residue, Xaa- is any hydrophobic, L-O- 
amino acid residue with the proviso that when Xaa is LyS 
or Arg, Xaa, cannot be Gly or Cys, Xaa is any hydrophobic, 
L-C.-amino acid residue and Xaa, is any D- or L-O-amino 
acid. Preferably, Xaa is Phe or Trp, Xaa is Leu, Xaa is Val 
and Xaa, is Glu. More preferably, Such a peptide has the 
amino acid residue sequence of SEQ ID NO:2-8. 

In another embodiment, a cyclic peptide of this invention 
further comprises a cysteine or modified cysteine residue 
and a -CHCO- group at the N-terminal position. In 
accordance with Such an embodiment, Xaa is preferably 
Trp and Xaa is preferably Leu. Exemplary and preferred 
Such peptides have the amino acid residue Sequence of SEQ 
ID NO:9-12. 

In another embodiment, a cyclic peptide of this invention 
further comprises two or more cysteine or modified cysteine 
residues and is cyclized via a disulfide bond. Preferably, one 
of the cysteine or modified cysteine residues is located at the 
N- or C-terminal position. In one embodiment, a cyclic 
peptide having two cysteine or modified cysteine residues 
comprises the amino acid residue sequence Xaa-Xaa-Asp 
Xaa- (SEQ ID NO:15), where Xaa, and Xaa, and Xaa, are 
as defined above. Preferably, Xaa is Tyr, Phe, Trp, dTrp or 
Ile, Xaa is Leu, Ile, Val, LyS, Met or Asp, and Xaa is Val, 
Tyr, Leu, Trp, or Phe. 

In yet another embodiment, a cyclic peptide having a 
cysteine or modified cysteine residue at both the N- and 
C-terminal positions comprises the amino acid residue 
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sequence of SEQ ID NO:1. Preferably, Xaa is Trp or Phe, 
Xaa- is Leu, Xaa is Val or Tyr and Xaa, is Ser or Glu. 

Exemplary and preferred cyclic, disulfide peptides of the 
present invention have the amino acid residue Sequence of 
any of SEQ ID NO:13 or 15–43. 

In another aspect, the present invention provides a phar 
maceutical composition comprising a physiologically 
acceptable diluent and a cyclic peptide of the present inven 
tion. Preferred cyclic peptides in Such a composition are the 
Same as Set forth above. 

In yet another aspect, the present invention provides a 
process of Selectively inhibiting the binding of CB integrin 
to VCAM-1. That process comprises exposing a cell that 
expresses Of integrin and a cell that expresses VCAM-1 
to an effective inhibiting amount of a cyclic peptide of the 
present invention. In a preferred embodiment of that 
process, the VCAM-1 is on the surface of a vascular 
endothelial cell. In another preferred embodiment, the CB 
integrin is on the Surface of a white blood cell Such as a 
monocyte, a lymphocyte, a granulocyte (an eosinophil or a 
basophil), a stem cell or other cell that naturally expresses 
C.B. Preferred peptides used in that proceSS are the same as 
set forth above. 

Where the cells are located in a living organism, a peptide 
is preferably administered to the organism in an effective 
inhibiting amount in a pharmaceutical composition of this 
invention. 

In another aspect, the present invention provides a proceSS 
of Selectively inhibiting the binding of O?3 integrin to a 
protein comprising eXposing the integrin to the protein in the 
presence of an effective inhibiting amount of a cyclic peptide 
of the present invention. Preferably, the C.B. integrin is 
expressed on the Surface of a cell Such as a white blood cell 
or Stem cell and the protein is part of the extracellular matrix 
Such as fibronectin. 
Detailed Description of the Invention 
I. The Invention 
The present invention provides a process of inhibiting the 

binding of O?3 integrin to proteins Such as VCAM-1, 
fibronectin and invasin. The invention also provides cyclic 
peptides that inhibit that binding. 

The adhesion of leukocytes to the vascular endothelium 
and their Subsequent extravasation into tissues are critical 
Steps in the inflammatory response. Vascular cell adhesion 
molecule-1 (VCAM-1), a member of the immunoglobulin 
Superfamily, is expressed by endothelial cells and a 
restricted number of other cell types. VCAM-1 can be 
induced by cytokines Such as tumor necrosis factor-C., 
interleukin-4, and interleukin-1B and is therefore hypoth 
eSized to contribute to leukocyte extravasion in inflamma 
tory conditions Such as rheumatoid arthritis, asthma, and 
atherosclerosis. 
One molecular form of VCAM-1 contains seven immu 

noglobulin modules in its extracellular domain. VCAM-1 is 
recognized by the integrin receptor CB. C.f3 is expressed 
principally by leukocytes (T and B lymphocytes, monocytes, 
basophils, and eosinophils), and is also functional on mast 
cells, derivatives of the embryonic neural crest, and in 
developing muscle. 
Of also recognizes the extracellular matrix glycoprotein 

fibronectin. Three distinct C.B-binding Sites have been 
identified within fibronectin and all have been reproduced in 
synthetic form. One site (represented by the peptide H1) is 
found in the Hep region and is therefore expressed in all 
fibronectin isoforms; two others (represented by peptides 
CS1 and CS5) are present in the alternatively spliced type III 
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connecting Segment. Of these three the CS1 peptide has the 
higher affinity for C.B and contains the tripeptide Leu-Asp 
Val (LDV) as its minimal active site. H1 contains a related 
motif, Ile-Asp-Ala (IDA), while CS5 incorporates a variant 
of the prototypic RGD motif, Arg-Glu-Asp-Val. 
II. Peptides 

In one aspect, the present invention provides cyclic pep 
tides that inhibit binding of the C.B. integrin to VCAM-1. 
A peptide of the present invention is modeled after the 
Leu-Asp-Val (LDV) domain of the CS1 peptide sequence, 
which domain is presented in Such a way by the cyclic 
peptide to produce a potent CB binding inhibitor. 

Peptides are disclosed herein as amino acid residue 
Sequences. Those Sequences are written left to right in the 
direction from the amino (N) to the carboxyl (C) terminus. 
Amino acid residue Sequences are denominated by either a 
Single letter or a three letter code. The meanings of those 
codes as well as various other abbreviations used herein are 
in accordance with the recommendation of the IUPAC-IUB 
Joint Commission on Biochemical Nomenclature, and are 
shown below. 

A. Ala L-alanine 
Ac acetyl 
Aic 2-aminoindan-2- 

carboxylic acid 
Acm acetamidomethyl 
C Cys L-cysteine 
dC dCys D-cysteine 
C(SOH) L-cysteic acid 
tE3u tert-butyl 
D Asp L-aspartic acid 
dD dAsp D-aspartic acid 
E Glu L-glutamic acid 
dE dGlu D-glutamic acid 
&E L-pyroglutamic acid 
F Phe L-phenylalanine 
G Gly glycine 
H His L-histidine 
I e L-isoleucine 
L Leu L-leucine 
K Lys L-lysine 
M Met L-methionine 
N Asn L-asparagine 
P Pro L-proline 
dP dPro D-proline 
dPen D-penicillamine 
Pmic 2,2,5,7,8- 

pentamethylchroman-6- 
sulphonyl 

O Glin L-glutamine 
R Arg L-arginine 
S Ser L-serine 
T Thr L-threonine 
Trt trityl 
V Val L-valine 
W Trp L-tryptophan 
dW dTrp D-tryptophan 
Y Tyr L-tyrosine 
Boc tert-butoxycarbonyl 
DCM methylene chloride 
Dic N,N'-diisopropyl 

carbodiimide 
DIPEA diisopropylethylamine 
EDT 1,2-ethanedithiol 
Fmoc 9-fluorenymethoxy 

carbonyl 
HOBT 1-hydroxy 1H 

benzotriazole 
HBTU O-benzotriazole 

N,N,N',N'-tetra 
methyluronium 
hexafluorophosphate 

DMF N,N-dimethyl 
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-continued 

formamide 
MCPBA m-chloroperoxy 

benzoic acid 
NMM N-methylmorpholine 
TFA trifluoroacetic acid 

Modifications and changes can be made in the Structure of 
a peptide of the present invention and Still obtain a molecule 
that inhibits the binding of CB integrin to VCAM-1. For 
example, certain amino acids can be Substituted for other 
amino acids in a Sequence without appreciable loss of 
activity; likewise, D- or L-amino acid residues can be used. 
D-amino acids are indicated herein as d-Xaa, where Xaa is 
the three-letter amino acid code (e.g., dTrp). In fact, certain 
amino acids can be Substituted or added which greatly 
enhance binding inhibition. Because it is the interactive 
capacity and nature of a peptide that defines that peptide's 
biological functional activity, certain amino acid Sequence 
Substitutions can be made in a peptide Sequence and never 
theless obtain a peptide with like properties, particularly 
inhibition of the binding of C. B. integrin to VCAM-1. 
Exemplary Such peptides are Set forth below. 
A peptide contemplated by the present invention is cyclic. 

A cyclic peptide has a ring Structure formed between certain 
amino acid residues of the corresponding linear peptide and 
can be envisioned as a linear peptide that is cyclized by 
covalent bonding of amino acid residues as described herein. 
A cyclic peptide of the present invention contains from 4 

to about 13 amino acid residues. The N-terminal amino acid 
residue has a free terminal amine group (NH), acetyl group 
(Ac) or a polyethyleneglycol moiety of from about 400 to 
about 12,000 Daltons average molecular weight 
(MPEGood) linked through an amide bond to the 
N-terminal residue. The C-terminal amino acid residue has 
a terminal carboxylic acid group (OH) or amide group. A 
cyclic peptide comprises the amino acid residue Sequence 
Xaa-Xaa-Asp-Xaa (SEQ ID NO:15), where Xaa is any 
L- or D-C.-amino acid residue and Xaa, and Xaa, are any 
hydrophobic, L-O-amino acid residue with the proviso that 
when Xaa is LyS or Arg, Xaa, cannot be Gly or CyS. In a 
preferred embodiment, Xaa is Phe, Trp or Ile, Xaa is Leu, 
Ile, Val, Lys or Met; and Xaa is Val, Tyr, Leu, Trp or Phe. 
More preferably, Xaa is Trp, Xaa is Leu and Xaa is Val. 
A peptide in accordance with the Sequence Set forth above 

can be extended in the N-terminal direction by the addition 
of from 1 to 5 L- or D-O-amino acids and, in the C-terminal 
direction by the addition of from 1 to 5 L- or D-O-amino 
acids. 
A peptide can be cyclized without or with a Sulfur 

containing bridge. Where a cyclic peptide does not comprise 
a Sulfur containing bridge, the N- and C-terminal amino acid 
residues are joined together with an amide bond (formally a 
lactam in the case of cyclization). Where a cyclic peptide 
comprises a Sulfur containing bridge, either one or two 
amino acid residues of the corresponding linear peptide is a 
Cys or modified Cys residue (dCyS or dPen). Such a cyclic 
peptide can comprise a cyclic Sulfide, Sulfoxide or Sulfone 
(one Cys residue in the corresponding linear peptide) or a 
cyclic disulfide (two CyS residues in the corresponding 
linear peptide). 
Where cyclization has occurred by formation of a lactam 

by condensation of the N and C terminus, that peptide 
comprises the amino acid residue Sequence: 
Xaa-Xaa1-Xaa-Asp-Xaa (SEQ ID NO:1), 

where Xaa is any L- or D-C-amino acid residue, Xaa, and 
Xaa- are independently any hydrophobic, L-O-amino acid 
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residue with the proviso that when Xaa is Arg or LyS, Xaa 
cannot be Gly or Cys, and Xaa is any D- or L-O-amino acid. 
In a preferred embodiment, Xaa is Phe or Trp, Xaa is Leu, 
Xaa- is Val and Xaa is Glu or Ser. Exemplary and preferred 
peptides in accordance with SEQ ID NO: 1 have the 
sequences Glu-Trp-Leu-Asp-Val-Pro (SEQ ID NO:2), Glu 
Trp-Leu-Asp-Val-Asp (SEQ ID NO:3), Glu-Trp-Leu-Asp 
Val (SEQ ID NO:4), Glu-Trp-Leu-Asp-Asp (SEQ ID NO:5), 
Glu-Trp-Leu-Asp-Val-Pro-Glu-Trp-Leu-Asp-Val (SEQ ID 
NO:6), Gly-Pro-Glu-Phe-Leu-Asp-Val (SEQ ID NO:7) and 
Glu-Phe-Leu-Asp-Val (SEQ ID NO: 8). 
Where a peptide of the present invention contains a 

Sulfide, Sulfoxide or Sulfone bridge, that peptide comprises 
a cysteine or modified cysteine residue at one position and 
a -CH2CO-group at the N-terminal position. AS used 
herein, the term “modified cysteine” refers to D-cysteine 
(dCys) or D-penicillamine (dPen). The Sulfur atom of the 
cysteine or modified cysteine residue is attached to the CH 
group forming the cyclic peptide. 

Such a peptide comprises the amino acid residue Sequence 
Xaa-Xaa-Asp-Xaa (SEQ ID NO:15), where Xaa, Xaa, 
and Xaa, are as defined above. Preferably, Xaa is Trp, Xaa 
is Leu and Xaa is Val or Cys. Exemplary and preferred 
peptides have the sequences CH-CO-Ser-Trp-Leu-Asp-Val 
Cys-acid (SEQ ID NO:9), CHCO-Glu-Trp-Leu-Asp-Val 
Cys-acid (SEQID NO:10), CHCO-Glu-Trp-Leu-Asp-Cys 
acid (SEQ ID NO:11), and CHCO-Trp-Leu-Asp-Val-Cys 
COOH (SEQ ID NO:12). 
Where a peptide of the present invention contains a 

disulfide bridge, that peptide contains two cysteine or modi 
fied cysteine residues. Preferably, one of the cysteine or 
modified cysteine residues is located at the N- or C-terminal 
position and at least one of those amino acid residues is CyS. 
Such a disulfide peptide comprises the amino acid residue 
sequence Xaa-Xaa-Asp-Xaa (SEQ ID NO:15), where 
Xaa, Xaa, and Xaa, are as defined above. Preferably, Xaa, 
is Trp or Cys, Xaa- is Leu and Xaa is Val or CyS. Exemplary 
Such peptides have the Sequence Cys-Leu-Asp-Val-CyS 
(SEQ ID NO:13) or Cys-Trp-Leu-Asp-Cys-acid (SEQ ID 
NO:14). 

In another preferred embodiment of SEQID NO:15, Xaa, 
is Tyr, Phe, Trp, dTrp or Ile; Xaa is Leu, Ile, Val, Lys, Met 
or Asp; and Xaa is Val, Tyr, Leu, Trp, or Phe. More 
preferably, a disulfide cyclic peptide has the Sequence CyS 
Ser-Trp-Leu-Asp-Val-Cys (SEQID NO:16), Cys-dTrp-Leu 
Asp-Val-Cys-acid (SEQ ID NO:17), Ac-Cys-Trp-Leu-Asp 
Val-Cys-acid (SEQ ID NO:18), Cys-Tyr-Leu-Asp-Val-Cys 
acid (SEQ ID NO:19), Cys-Trp-Leu-Asp-Phe-Cys-acid 
(SEQ ID NO:20), Cys-Phe-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:21), Cys-Trp-Leu-Asp-Trp-Cys-acid (SEQ ID NO:22), 
Cys-Trp-Ile-Asp-Val-Cys-acid (SEQ ID NO:23), Cys-Trp 
Met-Asp-Val-Cys-acid (SEQ ID NO:24), Cys-Trp-Val-Asp 
Val-Cys-acid (SEQ ID NO:25), Cys-Trp-Lys-Asp-Val-Cys 
acid (SEQ ID NO:26), Cys-Trp-Leu-Glu-Val-Cys-acid 
(SEQ ID NO:27), Cys-Trp-Leu-Asp-Leu-Cys-acid (SEQ ID 
NO:28), Cys-Trp-Leu-Asp-Tyr-Cys-acid (SEQ ID NO:29), 
Cys-Ile-Leu-Asp-Val-Cys-acid (SEQ ID NO:30), Cys-Trp 
Leu-Asp-Val-Cys-acid (SEQ ID NO:31), and dCys-Trp 
Leu-Asp-Val-Cys-acid (SEQ ID NO:32). 

In another preferred embodiment, a disulfide cyclic pep 
tide of the present invention comprises the amino acid 
residue sequence of SEQ ID NO:1, above. Preferably, Xaa, 
is Trp or Phe, Xaa is Leu, Xaa is Val or Tyr and Xaa, is 
Ser or Glu. Exemplary and preferred Such peptides have the 
sequence of Cys-Glu-Trp-Leu-Asp-Val-Cys-amide (SEQ ID 
NO:33), Cys-Glu-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:34), dCys-Glu-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
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NO:35), Cys-Glu-Trp-Leu-Asp-Tyr-Cys-acid (SEQ ID 
NO:36), Cys-Ser-Phe-Leu-Asp-Tyr-Cys-acid (SEQ ID 
NO:37), Cys-Glu-Phe-Leu-Asp-Tyr-Cys-acid (SEQ ID 
NO:38), dCys-Ser-Trp-Leu-Asp-Val-dCys-acid (SEQ ID 
NO:39); Cys-Pro-Glu-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:40), MPEGooo-Cys-Trp-Leu-Asp-Val-Cys-acid (SEQ 
ID NO:41) and dPen-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:42). 

In another embodiment, a cyclic disulfide peptide of the 
present invention comprises the Sequence: 

Xaa-Cys-Trp-Leu-Asp-Val-Cys-acid (SEQ ID NO:43), 
where Xaa is any D- or L-O-amino acid and n is an integer 
from 1 to 7. 
A peptide of the present invention can be made using 

Standard peptide Synthetic procedures well known in the art. 
Typically, peptides were made with Fmoc-amino acids. 
However, peptides can also be made using Boc protecting 
groups by methods well known to those skilled in the art. 
Side chain protecting groups of trifunction amino acids used 
in the Synthetic procedure include Arginine (Pmc), Aspartic 
acid (tPu), Cysteine (Trt), Glutamic acid (tEu), Histidine 
(Boc), Lysine (Boc), Serine (tRu), Threonine (tPu), and 
Tyrosine (tRu). Other protecting groups are specifically 
described. 

The preparation of the peptides in this invention by Solid 
phase methodology is well known to those skilled in the art, 
and can be described as follows. Peptides were synthesized 
on an insoluble carrier Such as p-benzyloxybenzyl alcohol 
resin for the Synthesis of C-terminal carboxylic acid peptides 
(Wang resin, where normally the resin can be purchased 
with the first amino acid bound), and 4-(2',4'- 
dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy resin for 
C-terminal amide peptides (Rink resin). The peptides were 
prepared by solid phase synthesis using either HBTU or DIC 
chemistry procedures on a Protein Technologies Inc. Sym 
phony peptide Synthesizer. 

The C-terminal amide peptides were prepared by coupling 
the C-terminal amino acid of the Sequence to the Rink resin 
using the same general method as the other couplings. The 
C-terminal carboxylic acid peptides were prepared by pur 
chasing Wang resin to which the C-terminal amino acid was 
bound to the resin as a carboxylic ester. The C-amino 
protecting group was removed by piperidine treatment, and 
the next Fmoc-amino acid coupled to the resin by Simulta 
neous treatment of the resin with the Fmoc-amino acid, a 
coupling reagent Such as DIC or HBTU, and if necessary 
HOBT. Such deprotection and couplings were repeated to 
afford each desired peptide. In all cases the Fmoc protecting 
group was removed by treatment with a 20% solution of 
piperidine in DMF. However, it is understood by those 
skilled in the art that the exact percentage of piperidine is not 
critical and should not be considered limiting in this inven 
tion. It is also understood by those skilled in the art that 
piperidine can be replaced by other bases, furthermore the 
coupling reagents and protocols used can be Substituted with 
any of those known in the field of peptide Synthesis 
(including the use of Boc chemistry based Solid phase 
Synthesis and also Solution phase peptide Synthesis), and 
those reagents Specifically used in the examples provided 
should not be considered limiting for this invention. All 
unnatural amino acids, D-amino acids and other compounds 
were coupled by manual addition of the reagent, following 
the same procedure as for automated operation. 
Where cyclic sulfides, sulfoxides, sulfones or disulfides 

with C-terminal carboxylic acids are desired, the peptides 
can be Synthesized on an insoluble carrier Such as 
p-benzyloxybenzyl alcohol resin (Wang resin), whereas the 
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8 
equivalent C-terminal amides were prepared on 4-(2,4'- 
dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy resin (Rink 
resin). Where two cysteines are present, mild acid removal 
of the trityl protecting groups and oxidative cyclization on 
the resin using DMSO or NIS forms the disulfide bond, and 
this compound was cleaved from the resin in the normal 
way. Alternatively disulfides can be prepared by Solution 
phase cyclization of the linear Sequence in guanidine hydro 
chloride. Where cyclic sulfides (and their oxidation 
products) are desired the N-terminus can be acylated with 
bromoacetic acid, the cysteine trityl group removed and 
cyclization achieved by NMM in DMF treatment. The 
head-tail lactams were Synthesized on a chlorotrityl resin 
which forms a carboxylic ester linkage between the 
C-terminal amino acid and the resin. The linear peptide was 
cleaved from the resin with acetic acid in DCM and cyclized 
in Solution to form the lactam. 

Peptides were cleaved from the resin with a TFA cocktail 
after the removal of the N-terminal Fmoc protecting group. 
The exact composition of the TFA cocktail was varied 
depending on the Side chain protecting groups present, and 
is well known to those skilled in the art. The range of TFA 
was from 85 to 95%, and the remainder comprised of a 
mixture of ScavengerS Selected from a combination of 
aniSole, thioanisole, creSol, thiocreSol, phenol, thiophenol, 
EDT, trimethylsilane and water. The time of the cleavage 
reaction required is Sequence dependant, normally being 
from 1 to 3 hours. After cleavage, the resin was removed by 
filtration and cold ether added to the Solution to give a 
precipitate. The precipitate was collected and washed a few 
times with ether to remove residual TFA and Scavengers. 
The precipitate was redissolved in aqueous Solution for 
lyophilization to give the crude product. Purification was 
carried out by reverse-phase HPLC on a C-preparative 
column (300 A, 21.4mmx25 cm, 5 um spherical packing) 
at a flow rate of 10 ml/min. The selection of any other 
Suitable packing known to one skilled in the art is equally 
acceptable. Products were detected by UV absorption at 214 
nm. Two mobile phases were used in the HPLC system, 
Solution A and B using a gradient elution. Solution A was 
comprised of 5% acetonitrile in deionized water containing 
0.15% TFA, while solution B was comprised of 5% deion 
ized water in acetonitrile containing 0.1% of TFA. A gradi 
ent of increasing percentage of Solution B was used to elute 
the peptide from the Solid Support, however the gradient 
used is Sequence dependant. Other methods of purification 
known to one skilled in the art are equally acceptable. The 
purity of the peptide was checked by Cls analytical HPLC 
(300 A, 4.6 mmx25 cm, 5 um spherical packing) at a flow 
rate of 1 ml/min. 
A detailed description of the Synthesis of exemplary 

peptides is Set forth hereinafter in the Examples. 
II. Pharmaceutical Composition 

In another aspect, the present invention provides a phar 
maceutical composition comprising a peptide of the present 
invention and a physiologically tolerable diluent. 
The present invention includes one or more peptides as 

described above formulated into compositions together with 
one or more non-toxic physiologically tolerable or accept 
able diluents, carriers, adjuvants or vehicles that are collec 
tively referred to herein as diluents, for parenteral injection, 
for intranasal delivery, for oral administration in Solid or 
liquid form, for rectal or topical administration, or the like. 
The compositions can be administered to humans and 

animals either orally, rectally, parenterally (intravenously, 
intramuscularly or Subcutaneously), intracisternally, 
intravaginally, intraperitoneally, locally (powders, ointments 
or drops), or as a buccal or nasal spray or aerosol. 
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The compositions can also be delivered through a catheter 
for local delivery at a target Site, via an intracoronary Stent 
(a tubular device composed of a fine wire mesh), or via a 
biodegradable polymer. The compositions may also be com 
plexed to ligands, Such as antibodies, for targeted delivery of 
the compositions. 

The compositions are preferably administered by catheter, 
i.V. or Subcutaneous injection, or intranasally via a spray or 
aeroSol. 

Compositions Suitable for parenteral injection may com 
prise physiologically acceptable Sterile aqueous or nonaque 
ous Solutions, dispersions, Suspensions or emulsions and 
Sterile powders for reconstitution into Sterile injectable Solu 
tions or dispersions. Examples of Suitable aqueous and 
nonaqueous carriers, diluents, Solvents or Vehicles include 
water, ethanol, polyols (propylene glycol, 
polyethyleneglycol, glycerol, and the like), Suitable mixtures 
thereof, vegetable oils (Such as olive oil) and injectable 
organic esterS Such as ethyl oleate. 

These compositions can also contain adjuvants Such as 
preserving, Wetting, emulsifying, and dispensing agents. 
Prevention of the action of microorganisms can be ensured 
by various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, Sorbic acid, and the like. It 
may also be desirable to include isotonic agents, for example 
Sugars, Sodium chloride and the like. Prolonged absorption 
of the injectable pharmaceutical form can be brought about 
by the use of agents delaying absorption, for example, 
aluminum monoStearate and gelatin. 

Besides Such inert diluents, the composition can also 
include adjuvants, Such as wetting agents, emulsifying and 
Suspending agents. 

Suspensions, in addition to the active compounds, can 
contain Suspending agents, as for example, ethoxylated 
isoStearyl alcohols, polyoxyethylene Sorbitol and Sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these 
Substances, and the like. 

Dosage forms for topical administration of a compound of 
this invention include ointments, powders, Sprays and inhal 
ants. The active component is admixed under Sterile condi 
tions with a physiologically acceptable carrier and any 
preservatives, buffers or propellants as may be required. 
Ophthalmic formulations, eye ointments, powders and Solu 
tions are also contemplated as being within the Scope of this 
invention. 
III. Process of Inhibiting the Binding of C.B. 

In another aspect, the present invention contemplates a 
process of Selectively inhibiting the binding of O?3 integrin 
to VCAM-1. A process of the present invention can be used 
in vitro or in Vivo in a living organism. In accordance with 
a process of the present invention, a cell expressing CB 
integrin is exposed to a cell expressing VCAM-1 in the 
presence of an effective inhibiting amount of a peptide of the 
present invention. Means for determining an effective inhib 
iting amount are well known in the art. 
A cell expressing CB integrin can be a naturally occur 

ring white blood cell, mast cell or other cell type that 
naturally expresses C.B on the cell Surface, or a cell 
transfected with an expression vector that contains a poly 
nucleotide (e.g., genomic DNA or cDNA) that encodes C.B. 
integrin. In an especially preferred embodiment, CB inte 
grin is present on the Surface of a white blood cell Such as 
a monocyte, a lymphocyte or a granulocyte (e.g., an eosi 
nophil or a basophil). 
A cell that expresses VCAM-1 can be a naturally occur 

ring cell (e.g. an endothelial cell) or a cell transfected with 
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an expression vector containing a polynucleotide that 
encodes VCAM-1. Methods for producing transfected cells 
that express VCAM-1 are well known in the art. 
Where VCAM-1 exists on the surface of cell, the expres 

sion of that VCAM-1 is preferably induced by inflammatory 
cytokines Such as tumor necrosis factor-C, interleukin-4 and 
interleukin-1B. 
Where the cells expressing CB integrin and VCAM-1 

are in a living organism, a peptide is administered in an 
effective amount to the living organism. Preferably, the 
peptide is in a pharmaceutical composition of this invention. 
Administering is preferably accomplished via intravascular 
injection or intranasal administration. 
A process of the present invention is especially useful in 

treating diseases associated with uncontrolled migration of 
white blood cells to damaged tissue. Such diseases include, 
but are not limited to, asthma, atherosclerosis, rheumatoid 
arthritis, allergy, multiple Sclerosis, leukemia, and brain 
CCC. 

A process of inhibiting VCAM-1 and CB binding uses 
a cyclic peptide of the present invention as Set forth here 
inbefore. Preferred such peptides are the same as set forth 
above. More preferably, a peptide used in a process of the 
present invention has the amino acid residue Sequence of 
SEQ ID NO:2-14 or 16–42. Even more preferably, peptides 
have the amino acid residue sequence of SEQ ID NO:3-7, 
9-12, 16–26, 28, 29 or 31-42. 
The present invention also provides a process of Selec 

tively inhibiting the binding of CB integrin to a protein 
comprising eXposing the integrin to the protein in the 
presence of an effective inhibiting amount of a cyclic peptide 
of the present invention. In a preferred embodiment, the 
CB, integrin is expressed on the Surface of a cell, either 
naturally occuring or a cell transformed to express C.B. 
integrin. 
The protein to which the CB integrin binds can be 

expressed on a cell Surface or part of the extracellular 
matrix. Especially preferred proteins are fibronectin or inva 
Sin. Preferred peptides for use in Such a proceSS are the same 
as set forth above. 
The ability of peptides of the present invention to inhibit 

binding are described in detail hereinafter in the Examples. 
The following examples illustrate particular embodiments 

of the present invention and are not limiting of the Specifi 
cation and claims in any way. 

EXAMPLES 

Example 1 
Synthesis of Cys-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:31) 
The Fmoc-amino acids and an equimolar amount of 

HOBT were dissolved in DMF. DIC in DCM was used as the 
coupling reagent with 1-1.2 hour reaction times. The Fmoc 
Cys(Trt) Wang resin (25 nM) was swollen by treatment with 
DMF (1.5 ml) for 15–20 min, then deprotected by treatment 
with 20% piperidine in DMF (3x, 8 min each), and the resin 
was washed with DMF (6x). The first amide bond was 
formed using Fmoc-Val (150 nM) and DIC (150 nM), and 
this procedure was repeated until all amino acids were 
coupled. After deprotection of the N-terminal protecting 
group, the peptide was cleaved from the resin with a TFA 
cocktail (containing 5% anisole and 5% EDT) for 1 hour at 
RT. The TFA Solution was reduced to about 0.5 ml and the 
product precipitated with cold ether. After Washing with 
ether (3x), the peptide was lyophilized from aqueous Solu 
tion to give the crude linear peptide (21.3 mg). Cyclization 
was achieved by dissolving in water (20 ml) containing 
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guanidine HCl (2.0 g) and ammonium acetate (1.6 g) at pH 
7.8, and the solution stirred at 4 C. for 48 hours and then 
lyophilized. 

Purification was carried out by reverse phase HPLC as 
described above using a gradient of 5-70% B over 60 min, 
and the pure product isolated as a white powder by lyo 
philization (10.2 mg, >98% pure by analytical HPLC). 

Example 2 
Synthesis of dPen-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:42) 

This peptide was prepared using the same general proce 
dure as in EXAMPLE 1 for the couplings except using 
Fmoc-Cys(Acm) Wang resin and Fmoc-Trp(Boc) and Fmoc 
dPen(Acm). Cyclization was achieved on the resin by treat 
ment with NIS (4 equiv. for each thiol) in DCM:DMF (2:1) 
for 3 hours at room temperature. After washing with DMF 
and DCM the peptide was cleaved with a TFA cocktail and 
purified by HPLC. 
S=O 

Example 3 
Synthesis of CHCO-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:12) 
The linear peptide was prepared as described in 

EXAMPLE 1, however Fmoc-Trp(Boc) was used in this 
case. After deprotection of the N-terminal Fmoc group, 
bromoacetic acid (200 nM), HOBT (200 nM) and DIC (200 
nM) in DCM (1.5 ml) was added and the reaction stirred at 
RT for 1 hour. The Trt group on the Cys residue was 
removed with 2% TFA in DCM (2.5 ml) which contained 
5% of trimethylsilane (4x, 10 min) and then the peptide was 
cyclized by treatment with 5% NMM in DMF overnight. 
Oxidation of the Sulfide to Sulfoxide was achieved with 
NaIO (2.5 equv.) in DMF/DCM/water for 4 hours. The 
resin was washed with DCM, and the product cleaved and 
purified as before. Analytical HPLC showed two major 
peaks corresponding to the two diastereoisomers. 
SO 

Example 4 
Synthesis of CHCO-Trp-Leu-Asp-Val-Cys-acid (SEQ ID 
NO:12) 

Synthesis was carried out as in EXAMPLE 3, however 
oxidation was achieved with MCPBA (6 equiv.) in DCM. 

Example 5 
Synthesis of -Glu-Trp-Leu-Asp-Val-Asp-(SEQ ID NO:3) 

This peptide was synthesized on 2-chlorotrityl chloride 
resin following the same procedure as described in 
EXAMPLE 1. After removal of the N-terminal Fmoc group 
the peptide was cleaved from resin using 30% acetic acid in 
DCM (3.x, 10 min). The DCM solution was evaporated, the 
residue treated with water and lyophilized to give the 
protected linear peptide. Cyclization was achieved with 
HBTU (1.2 equv.) in DMF-containing 0.4 M NMM 20–24 
hours (1 mg/ml). The DMF was evaporated, and the residue 
precipitated with water and washed (3x). Deprotection and 
purification was conducted as described previously. 

Example 6 
Binding ASSayS 

Peptides were assayed for their ability to inhibit the 
binding of the integrin C.B. to VCAM. The specificity of the 
most potent peptides as inhibitors of CB was determined 
using a fibronectin binding assay. The assays are described 
below. 
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12 
VCAM-1/O.B. Binding Assay 
The assay involves determining the ability of cells that 

express C.B. to bind directly to purified VCAM. The 
integrin-expressing cell type used in this assay was HL-60, 
a human promyelocytic line. 
An expression vector was designed Such that a region of 

VCAM known to bind the integrin was expressed as a fusion 
protein with mouse IgG. A cDNA containing the two 
N-terminal domains of human VCAM was generated by the 
polymerase chain reaction (PCR) from a full length VCAM 
cDNA. Similarly, a cDNA containing the hinge, CH2 and 
CH3 regions of mouse IgG, was amplified by PCR from 
cDNA made from total RNA isolated from the hybridoma 
cell line 402C10. The VCAM cDNA was ligated to the 
mouse IgG cDNA and cloned into a mammalian expression 
vector. Transfection of the plasmid into COS cells resulted 
in the expression and Secretion of the fusion protein into the 
Surrounding cell culture media. 
The media was collected and active protein was purified 

by immunoprecipitation using Dynal magnetic polystyrene 
beads coated with goat anti-mouse IgG. Following 
immunoprecipitation, the beads bound cells that expressed 
the integrin C. B. Such as Ramos and HL-60. Beads incu 
bated with media from mock transfected COS cells did not 
bind these cell types and Served as a negative control for the 
asSay. 

HL-60 cells were fluorescently labeled with Calcein AM 
C-3099 (Molecular Probes) and resuspended in 1 ml of 
binding buffer (Hank's balanced salt solution, pH 7.4, 1.0 
mM CaCl, 1.0 mM MgCl). The beads (10 ul, 4x10 
beads/ml) were placed in wells of a 96-well microtiter dish 
with 10 ul of peptide at various concentrations. The beads 
were incubated with 10 ul of labeled cells (107 cells/ml) for 
10 min at room temperature. Following immobilization of 
the beads onto the plastic with a magnet, unbound cells were 
removed by washing three times with binding buffer. The 
remaining bound cells were lysed in 50 mM Tris, pH 7.4, 5.0 
mM EDTA, 1.0% NP-40 and quantitated by fluorimetry 
using a Millipore Cytofluor 2350 fluorimeter. Dose response 
curves were calculated and ICso values determined. 
Alternatively, the percent adhesion was determined at a 
Single peptide concentration for comparison among pep 
tides. 

Peptides having the amino acid residue Sequence of SEQ 
ID NO:3-7, 9–12, 16–26, 28, 29, and 31-42 were found to 
significantly inhibit the binding of CB integrin to VCAM-1 
at concentrations of peptide less than about 10 uM. 

Fibronectin/CfB Binding ASSay 
The assay accesses the ability of certain peptides to inhibit 

cells expressing Clf, but not those expressing O?31, from 
binding to fibronectin. The B cell line, Ramos can bind to 
fibronectin Via the CB integrin while binding of the eryth 
roleukemic cell line, K562, is dependent on the integrin 
Cla?s 1. 
Human plasma fibronectin was coated onto wells of a 96 

well assay plate. Wells coated with BSA were used as a 
control for the assay. Following washing with Tris buffered 
saline, pH 7.4(TBS), the wells were blocked with TBS 
containing 1% BSA. Ramos and K562 cells that had been 
fluorescently labelled with Calcein AM C-3099 were 
washed and resuspended in binding buffer (Hank's balanced 
salt solution, pH 7.4, 1.0 mM CaCl, 1.0 mM MgCl2, 1.0 
mM MnCl). Cells were mixed with peptide at various 
concentrations and placed in the Wells. The plate was 
incubated at 37 C. for 45 min. Following washing, the 
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remaining bound cells were lysed with 1% NP-40 and 
quantitated by fluorimetry using a Millipore Cytofluor 2350 
fluorimeter. Dose response curves were calculated. 

The foregoing Examples illustrate particular embodi 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 43 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1, 2 
(D) OTHER INFORMATION: /label= Xaa 

14 
ments of the present invention. One of ordinary skill in the 
art will readily appreciate that changes, modification and 
alterations can be made in those embodiments without 
departing from true Scope and Spirit of the invention. 

/note= "Xaa is any D- or L-'-amino acid." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 3 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa is any hydrophobic L-'-amino acid." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 5 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa is any hydrophobic L-'-amino acid." 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Xaa Xala Xaa Asp Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1. .. 6 
(D) OTHER INFORMATION: /note= /note = crosslink between 

Glu at position 1 and Pro at position 6. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Glu Trp Lieu. Asp Val Pro 
1 5 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
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-continued 

(B) LOCATION: 1. .. 6 
(D) OTHER INFORMATION: /note= crosslink between Glu at 

position 1 and Asp at position 6. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Glu Trp Lieu. Asp Val Asp 
1 5 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1..5 
(D) OTHER INFORMATION: /note= crosslink between Glu at 

position 1 and Val at position 5. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Glu Trp Lieu. Asp Wal 
1 5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1..5 
(D) OTHER INFORMATION: /note= crosslink between Glu at 

position 1 and Asp at position 5. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Glu Trp Lieu. Asp Asp 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1... 11 
(D) OTHER INFORMATION: /note= crosslink between Glu at 

position 1 and Val at position 11. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu Trp Lieu. Asp Val Pro Glu Trp Lieu. Asp Val 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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-continued 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1. .. 7 
(D) OTHER INFORMATION: /note= crosslink between Gly at 

position 1 and Val at position 7. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Gly Pro Glu Phe Leu Asp Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1..5 
(D) OTHER INFORMATION: /note= crosslink between Glu at 

position 1 and Val at position 5. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Glu Phe Lieu. Asp Wal 
1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

Anote= 'Xaa=CH2CO-Ser. ' 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1. .. 6 
(D) OTHER INFORMATION: /note= crosslink between Xaa at 

position 1 and Xaa at position 6. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Xaa Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 10 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
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-continued 

(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

Anote= 'Xaa=CH2CO-Glu.' 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1. .. 6 
(D) OTHER INFORMATION: /note= crosslink between Xaa at 

position 1 and Xaa at position 6. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Xaa Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

Anote= 'Xaa=CH2CO-Glu.' 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 5 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1..5 
(D) OTHER INFORMATION: /note= crosslink between Xaa at 

position 1 and Xaa at position 5. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 11: 

Xaa Trp Lieu. Asp Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=CH2CO-Trp." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 5 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 

20 
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-continued 

(B) LOCATION: 1..5 
(D) OTHER INFORMATION: /note= crosslink between Xaa at 

position 1 and Xaa at position 5. 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:12: 

Xaa Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1..5 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 13: 

Cys Lieu. Asp Val Cys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 14 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 5 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1..5 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Cys Trp Lieu. Asp Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa is any D- or L-'-amino acid." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 2 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa is any hydrophobic L-'-amino acid." 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:15: 

Xaa Xala Asp Xaa 
1 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:16: 

Cys Ser Trp Lieu. Asp Val Cys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 2 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=d-Trp." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-Cooh." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:17: 

Cys Xaa Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 18 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Ac-Cys." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:18: 
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Cys Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Cys Tyr Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2O: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:20 : 

Cys Trp Lieu. Asp Phe Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Cys Phe Lieu. Asp Val Xaa 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Cys Trp Lieu. Asp Trp Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: / label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Cys Trp Ile Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 24 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 24 : 

Cys Trp Met Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Cys Trp Val Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:26: 

Cys Trp Lys Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Cys Trp Lieu Glu Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:28: 

Cys Trp Lieu. Asp Leu Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Cys Trp Lieu. Asp Tyr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:30: 

Cys Ile Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
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(D) OTHER INFORMATION: /label= Xaa 
/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:31: 

Cys Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=d-Cys." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa-Cys-COOH.' " 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:32: 

Xaa Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-NH2." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Cys Glu Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
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(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:34: 

Cys Glu Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=d-Cys." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:35: 

Xaa Glu Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:36: 

Cys Glu Trp Lieu. Asp Tyr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Cys Ser Phe Lieu. Asp Tyr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:38: 

Cys Glu Phe Lieu. Asp Tyr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=d-Cys." 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=d-Cys-COOH. " 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:39: 

Xaa Ser Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
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(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide pep 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 8 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa=Cys-COOH." 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 8 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:40: 

Cys Pro Glu Trp Lieu. Asp Wal Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:41: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= 'Xaa is MPEG5000-Cys, where MPEG ia a 
polyethyleneglycol of 5000 molecular weight. 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa=Cys-COOH. " 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:41: 

Xaa Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

Anote= 'Xaa=dPen. ' 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 6 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa=Cys-COOH. " 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 6 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

40 
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Xaa Trp Lieu. Asp Val Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 1 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa is any D- or L-'-amino acid. ' 

(ix) FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 7 
(D) OTHER INFORMATION: /label= Xaa 

/note= "Xaa=Cys-COOH. " 

(ix) FEATURE: 
(A) NAME/KEY: Disulfide-bond 
(B) LOCATION: 1. .. 7 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 43: 

Xaa Cys Trp Lieu. Asp Val Xaa 
1 5 

What is claimed is: 
1. A cyclic peptide that inhibits the binding of the integrin 

CB to VCAM-1 or fibronectin, the peptide having: 
a) 6 or 7 amino acid residues: 
b) an N-terminal amine group, acetyl group or polyeth 

ylene glycol moiety of from about 400 to about 12,000 
Daltons; 

c) a C-terminal carboxylic acid group or amide group; and 
d) a contiguous tetrapeptide sequence of Xaa-Xaa-Asp 
Xaa (SEQ ID NO:15), 
where Xaa is Phe, Tyr, Ile or Trp, Xaa is Leu, Ile, Val, 

Lys or Met, and 
Xaa is Selected from the group consisting of Val, Tyr, 

Leu, Trp and Phe with the proviso that when Xaa is 
LyS or Arg, Xaa, cannot be Gly or CyS. 

2. The peptide of claim 1 wherein Xaa is Ile or Phe. 
3. The peptide of claim 1 wherein Xaa is Leu, Ile, Val or 

Met. 

4. The peptide of claim 3 wherein Xaa is Leu. 
5. The peptide of claim 1 wherein Xaa, is Val. 
6. The peptide of claim 1 wherein Xaa is Phe, Tyr, Ile or 

Trp, Xaa- is Leu, Ile, Val or Met and Xaa is Val, Tyr, Leu, 
Trp or Phe. 

7. The peptide of claim 6 wherein Xaa- is Leu and Xaa, 
is Val. 

8. The peptide of claim 7 wherein Xaa is Phe or Ile. 
9. The peptide of claim 1 wherein the peptide contains the 

continuous sequence Xaa-Xaa-Xaa-Asp-Xaa (SEQ ID 
NO:1), where Xaa is Glu and Xaa, Xaa- and Xaa, are as 
defined in claim 1. 

10. A process of Selectively inhibiting the binding of C. B. 
to VCAM-1 comprising exposing a cell that expresses C.B. 
integrin to a cell that expresses VCAM-1 in the presence of 
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an effective inhibitory amount of a cyclic peptide of claim 1 
wherein the cell that expresses C. B. integrin is a white blood 
cell and the cell that expresses VCAM-1 is an endothelial 
cell. 

11. A process of Selectively inhibiting the binding of C.B., 
to VCAM-1 comprising exposing a cell that expresses C.B. 
integrin to a cell that expresses VCAM-1 in the presence of 
an effective inhibitory amount of a cyclic peptide of claim 9 
wherein the cell that expresses C.B. integrin is a white blood 
cell and the cell that expresses VCAM-1 is an endothelial 
cell. 

12. A process of Selectively inhibiting the binding of CB1 
to fibronectin comprising exposing a cell that expresses C.B. 
integrin to a cell that expresses fibronectin in the presence of 
an effective inhibitory amount of a cyclic peptide of claim 1 
wherein the cell that expresses C.B. integrin is a white blood 
cell and the cell that expresses VCAM-1 is an endothelial 
cell. 

13. A process of Selectively inhibiting the binding of O?3 
to fibronectin comprising exposing a cell that expresses C.B. 
integrin to a cell that expresses fibronectin in the presence of 
an effective inhibitory amount of a cyclic peptide of claim 9 
wherein the cell that expresses C.B. integrin is a white blood 
cell and the cell that expresses VCAM-1 is an endothelial 
cell. 

14. A peptide according to any of SEQ ID NO.: 16–25, 
28–39, 41 or 42. 

15. A peptide according to SEQ ID NO. 31. 
16. A process of Selectively inhibiting the binding of CB1 

to VCAM-1 comprising exposing a cell that expresses C.B. 
integrin to a cell that expresses VCAM-1 in the presence of 
an effective inhibiting amount of a cyclic peptide having the 
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amino acid residue sequence of any of SEQ ID NO.: 16–25, 
28-39, 41 or 42, wherein the cell that expresses C.B. 
integrin is a white blood cell and the cell that expresses 
VCAM-1 is an endothelial cell. 

17. A process of selectively inhibiting the adhesion of a 
cell that expresses O?3 integrin to a vascular endothelial 
cell that expresses VCAM-1 comprising exposing the cell to 
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an effective inhibiting amount of a cyclic peptide having the 
amino acid residue sequence of any of SEQ ID NO.: 16–25, 
28-39, 41 or 42, wherein the cell that expresses C.B. 
integrin is a white blood cell and the cell that expresses 
VCAM-1 is an endothelial cell. 


